A new metalloendopeptidase was purified to apparent homogeneity from a homogenate of normal human liver using successive steps of chromatography on DEAE-cellulose, hydroxyapatite and Sephacryl S-200. The purified enzyme hydrolyzed the Pro 7 -Phe 8 bond of bradykinin and the Ser 25 -Tyr 26 bond of atrial natriuretic peptide. No cleavage was produced in other peptide hormones such as vasopressin, oxytocin or Met-and Leu-enkephalin. This enzyme activity was inhibited by 1 mM divalent cation chelators such as EDTA, EGTA and o-phenanthroline and was insensitive to 1 µM phosphoramidon and captopril, specific inhibitors of neutral endopeptidase (EC 3.4.24.11) and angiotensin-converting enzyme (EC 3.4.15.1), respectively. With M r 85 kDa, the enzyme exhibits optimal activity at pH 7.5. The high affinity of this endopeptidase for bradykinin (Km = 10 µM) and for atrial natriuretic peptide (Km = 5 µM) suggests that it may play a physiological role in the inactivation of these circulating hypotensive peptide hormones.
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The circulating peptide hormones bradykinin (BK) and atrial natriuretic peptide (ANP) are very powerful vasodilators that may participate in the physiological control of arterial pressure (1) (2) (3) (4) (5) . In the blood, BK is generated from circulating high-and lowmolecular-weight kininogens chiefly by plasma kallikein (4), and ANP is secreted primarily by atrial myocytes in response to local wall stretching (5) . Therefore, inactivation of these peptides by the action of degrading enzymes could be involved in the regulation of blood pressure (6, 7) . Circulating BK may be inactivated by a variety of peptidases including aminopeptidases, carboxypeptidases N and M, angiotensin-converting enzyme (ACE; EC 3.4.15.1), neutral endopeptidase (NEP; EC 3.4.24.11) and a liver bradykinin-inactivating endopeptidase similar to the thimet-endopeptidase (EC 3.4.24.15) (4, 6, 7) . Circulating ANP may be inactivated by NEP and receptor-mediated clearance. However, several lines of evidence suggest that the metabolism of BK and ANP in vivo is not yet completely understood, and that other metabolic pathways may also participate in their physiologial inactivation. Thus, although several studies have shown that coadministration of NEP and clearance receptor inhibitors produces a greater diuresis, natriuresis and depressor arterial pressure response, probably reflecting accumulation of endogenous ANP in target tissues (8) (9) (10) (11) (12) , these responses were not sustained (13, 14) . Furthermore, the lack of therapeutic efficacy in long-term treatment for hypertension by these inhibitors suggests that ANP may also be inactivated by other important elimination pathways (10, 14) . Finally, new ANP-degrading enzymes which are resistant to NEP inhibitors were isolated from vascular smooth muscle (15) , bovine kidney (16) and human neuroblastoma (17) .
In the present study, a new metalloendopeptidase which hydrolyzes BK and ANP with Km values at micromolar concentrations was purified and characterized from the homogenate of normal human liver.
The livers were obtained from three apparently normal subjects (6 to 8 h after death in traffic accidents) aged 20 to 30 years, and kept at -80 o C, homogenized in 4 volumes (w/ v) of 50 mM Tris-HCl, pH 7.5, and centrifuged at 25,000 g for 60 min at 4 o C. The pellet was discarded and the supernatant was exhaustively dialyzed against the same buffer as used for liver homogenization. A volume of 1 liter of the dialyzed supernatant was applied to a DEAE-Trisacryl column (2.6 x 50 cm; Pharmacia, Uppsala, Sweden) equilibrated with 50 mM Tris-HCl, pH 7.5, at a flow rate of 85 ml/h. After sample application, the column was developed with step gradients of 50 mM Tris-HCl, pH 7.5, containing NaCl at the following concentrations: 50, 100, 150, 300 and 1000 mM. The fractions eluted with 50 mM NaCl containing the enzyme activity were pooled and concentrated to 8 ml in a dialysis tube under reduced pressure. This sample was exhaustively dialyzed against 10 mM potassium phosphate, pH 7.5, and applied to a hydroxyapatite column (2.5 x 10 cm; IBF, Villeneuve-La-Garenne, France) equilibrated with the same buffer. The column was eluted with a 10-500 mM potassium phosphate gradient, pH 7.5, at a flow rate of 28 ml/h. Enzymatically active fractions were pooled, concentrated and exhaustively dialyzed against 50 mM Tris-HCl, pH 7.5. Finally, this sample was further fractionated on a Sephacryl S-200 column (2 x 160 cm; Pharmacia) equilibrated against the same buffer as used for dialysis and developed at a flow rate of 50 ml/h. Fractions containing enzyme activity were concentrated to 10 ml and stored at 4 o C. Under these conditions, the purified enzyme was stable for over 2 months. A summary of the purification procedure is shown in Table 1 . The enzyme activity was monitored using as substrate the intramolecularly quenched fluorogenic peptide derived from BK, containing the oaminobenzoyl (Abz) and ethylenediamine 2,4-dinitrophenyl (EDDnp) groups at the amino-and carboxyl-terminal amino acid residues, Abz-Arg-Pro-Pro-Gly-Phe-Ser-ProPhe-Arg-EDDnp, as previously described (18, 19) . Protein content was evaluated by the method of Bradford (20) .
The purity of the enzyme was demonstrated by analytical polyacrylamide gel electrophoresis: i) under nondenaturing conditions, showing a single band of protein which coincided with the enzyme activity, and ii) The enzyme activity was determined in 10-µl aliquots from each chromatography step using Abz-R-P-P-G-F-S-P-F-R-EDDnp as substrate in a final volume of 500 µl 50 mM Tris-HCl buffer, pH 7.5, at 37 o C. Hydrolysis of the substrate was monitored by measuring the fluorescence at l em = 420 nm and l ex = 320 nm in a Shimadzu Model F 2000 spectrofluorometer.
Step
Total The effects of various classical protease inhibitors on the enzyme activity were tested (data not shown). The serine-(phenylmethanesulfonyl fluoride, soybean trypsin inhibitor, N-tosyl-l-phenylalanine chloromethylketone and aprotinin), cystine-(p-chloromercuribenzenesulfonic acid and N-ethylmaleimide) and carboxyl-(pepstatin and guanidylethylmercaptosuccinic acid) protease inhibitors, at 1 mM concentration, did not inhibit the enzyme activity. However, metalloprotease inhibitors such as EDTA, EGTA and ophenanthroline at 1 mM concentration fully inhibited the enzyme activity, suggesting that it is a metalloendopeptidase. Furthermore, phosphoramidon and captopril, specific inhibitors of neutral endopeptidase (EC 3.4.24.11) and angiotensin-converting enzyme (EC 3.4.15.1), respectively, did not inhibit enzyme activity at micromolar concentrations.
The metalloendopeptidase hydrolyzed the Pro 7 -Phe 8 bond of bradykinin ( Figure 1B ) and the Ser 25 -Tyr 26 bond of atrial natriuretic peptide ( Figure 1A) . The Km values for the enzyme-catalyzed hydrolysis of BK and ANP were 5 µM and 10 µM, respectively (data not shown). These results indicate the high affinity of the metalloendopeptidase for the peptide hormones studied, while no cleavage was produced in other peptide hormones such as vasopressin, oxytocin or Met-and Leu-enkephalin (data not shown).
The present results demonstrate that the new metalloendopeptidase isolated from human liver is distinct from NEP and ACE, since specific inhibitors for both had no effect on its activity. Furthermore, this liver metalloendopeptidase also differs from another liver bradykinin-inactivating endopeptidase similar to the thimet-endopeptidase (EC 3.4.24.15) since they hydrolyze distinct peptide bonds of BK, i.e., the Pro 7 -Phe 8 and Phe 5 -Ser 6 bonds, respectively (21) . Recently, BK metabolism was investigated in the intact rat liver and 7% of all BK fragments formed during a single transhepatic passage were from cleavage of the Pro 7 -Phe 8 bond (22) . However, the liver endopeptidase responsible for this activity was not identified and the new metalloendopeptidase presented in this study may be a candidate for the cleavage of the Pro 7 -Phe 8 bond of BK in the liver.
On the other hand, this liver metalloendopeptidase described here showed similarities with the peptide hormone-inactivating Figure 1 -A, HPLC elution profile of atrium natriuretic peptide (ANP) products after hydrolysis by a purified liver metalloendopeptidase. The substrate (20 nmol) was incubated with 15 µl of the purified enzyme in a final volume of 30 µl 50 mM Tris-HCl buffer, pH 7.5, for 30 min at 37 o C. The reaction was stopped by heating the mixture at 100 o C for 5 min followed by centrifugation at 10,000 g for 10 min. The supernatant fraction was injected into an HPLC column (Nucleosyl 5 µm C 18 145 x 4.5 mm) eluted with a 0-50% gradient of acetonitrile containing 0.05% TFA over a period of 35 min at a flow rate of 1 ml/min. Fragments were identified by amino acid composition: 1 and 2 are the 26-28 and 5-25 fragments of ANP , respectively. B, HPLC elution profile of bradykinin (BK) products after hydrolysis by purified liver metalloendopeptidase. The substrate (20 nmol) was incubated with 15 µl of the purified enzyme in a final volume of 30 µl 50 mM Tris-HCl buffer, pH 7.5, for 30 min at 37 o C. The reaction was stopped by heating the mixture at 100 o C for 5 min followed by centrifugation at 10,000 g for 10 min. The supernatant fraction was injected into an HPLC column (Nucleosyl 5 µm C 18 145 x 4.5 mm) eluted with a 2-30% gradient of acetonitrile containing 0.05% TFA over a period of 35 min at a flow rate of 1 ml/min. Fragments were identified by amino acid composition: 1 and 2 are the R-P-P-G and F-S-P-F-R fragments of BK, respectively. endopeptidase (PHIE) isolated from Xenopus laevis skin exudate (23) and with the metalloendopeptidase isolated from human neuroblastoma NB-OK-1 cells (17) . Both enzymes also cleaved the Pro 7 -Phe 8 bond of bradykinin and the Ser 25 -Tyr 26 bond of atrial natriuretic peptide and exhibited the metalloendopeptidase character. Furthermore, the high affinity of the liver metalloendopeptidase for BK (Km = 10 µM) and ANP (Km = 5 µM) is similar to that of PHIE and human neuroblastoma endopeptidase, suggesting that it may play a physiological role in the degradation of these circulating hypotensive peptide hormones. Finally, this study reinforces the idea that the liver, similar to the lung and kidney, may also play an important role in the physiological degradation of the circulating hormones BK and ANP.
In conclusion, although further studies are necessary to elucidate the primary structure of this liver endopeptidase described here, PHIE and neuroblastoma endopeptidase, these results, taken as a whole, suggest that these enzymes may represent members of a novel endopeptidase family involved in the physiological degradation of BK and ANP.
